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,VSLWLYDQD MHGLQMHQMD GMHOXMX NDR DJRQLVWL VHURWRQLQVNLK +7DUHFHSWRUD L GRYRGH GR
QHXUDOQH HNVFLWDFLMH SURPMHQH SRQDãDQMD L DJUHJDFLMH WURPERFLWD &LOM RYH VWXGLMH MH ELR
IRUPLUDQMH '46$5 3D-Quantitative structure-activity relationship PRGHOD L '-VWUXNWXUH
IDUPDNRIRUHDJRQLVWDVHURWRQLQVNLK+7DUHFHSWRUDYDOLGDFLMDIRUPLUDQRJ'46$5PRGHODL
GHILQLVDQMHVWUXNWXUQLKPRGLILNDFLMD]DGL]DMQQRYLKDJRQLVWDVHURWRQLQVNLK+7DUHFHSWRUD,]
OLWHUDWXUH VX SUHX]HWH VWUXNWXUH L DNWLYQRVWL  DJRQLVWH +7DUHFHSWRUD 'HILQLVDQL VX
GRPLQDQWQL REOLFL LVSLWLYDQLK MHGLQMHQMD SUL IL]LRORãNRP S+ L RSWLPL]RYDQH QMLKRYH
NRQIRUPDFLMHSULPMHQRP30Parameterized Model revision 3) PHWRGH,VSLWLYDQDMHGLQMHQMD
VXSRGLMHOMHQDXGYLMHJUXSHWUHQLQJVHWVDMHGLQMHQMDLWHVWVHWVDMHGLQMHQMD7UHQLQJVHWMH
NRULãüHQ ]D IRUPLUDQMH MHGQDþLQH L JUDÿHQMH '46$5 PRGHOD D WHVW VHW ]D YDOLGDFLMX '
46$5 PRGHOD 3RPRüX 3/6 Partial Least Square Regression PHWRGH NUHLUD VH QRYL '
46$5 PRGHO L UDþXQDMX VWDWLVWLþNL SDUDPHWUL PRGHOD 5  4  506(( 
506(3  L5SUHG )RUPLUDQL L YDOLGLUDQL '46$5PRGHO MH GDOMH XSRWULMHEOMHQ]D
DQDOL]X 'VWUXNWXUH IDUPDNRIRUH L ]D SUHGYLÿDQMH DNWLYQRVWL QRYLK DJRQLVWD VHURWRQLQVNLK
+7DUHFHSWRUD $QDOL]RP MH XWYUÿHQR GD MH ]D LVSROMDYDQMH DJRQLVWLþNH DNWLYQRVWL QD QLYRX
+7DVHURWRQLQVNLKUHFHSWRUDQHRSKRGQRSULVXVWYRGRQRUDYRGRQLþQHYH]HLVWHUQRJFHQWUDQD
UDVWRMDQMX±cv477:Ɉ-TIPGRQRUDLDNFHSWRUDYRGRQLþQHYH]HQDUDVWRMDQMX±










X þRYMHNRYRP RUJDQL]PX 6WUXNWXUH ERJDWH VHURWRQLQRP VX JDVWURLQWHVWLQDOQL WUDNW
WURPERFLWL L&168RUJDQL]PXVHVWYDUDL]WULSWRIDQDDPHWDEROL]DPMHYHRPDVOLþDQ
QRUDGUHQDOLQX3R]QDWRMHGDVHURWRQLQRVWYDUXMHVYRMHGHMVWYRSUHNRUD]OLþLWLKUHFHSWRUD
NRML VX NODVLILNRYDQL X VHGDPJODYQLK WLSRYD +7 RG NRMLK VH WLSRYL  L  GDOMH
GLMHOH X SRGWLSRYH +7 UHFHSWRUL VX ãLURNR UDVSURVWUDQMHQL X RUJDQL]PX D +7D
SRGWLS MH IXQNFLRQDOQR QDMYDåQLML +7D VHURWRQLQVNL UHFHSWRUL SULSDGDMX * SURWHLQ
VSUHJQXWLP UHFHSWRULPD *3&5 YH]DQL VX ]D IRVIROLSD]X & L VWLPXOLãX VWYDUDQMH
LQR]LWROWULIRVIDWD ,3 =DVWXSOMHQL VX NDNR X &16X WDNR L YDQ &16D 8&16X VH
SUHGRPLQDQWQR QDOD]H SRVWVLQDSWLþNL +7D VHURWRQLQVNL UHFHSWRUL QD
QHVHURWRQLQHUJLþNLP QHXURQLPD JDEDHUJLþNLP QHXURQLPD X FHUHEUDOQRP NRUWHNVX
NODXVWUXPX VWULMDWXPX KLSRNDPSXVX DPLJGDODPD ROIDNWRUQRP WXEHUNXOX L
KLSRWDODPXVX JGMH VXSULPLUDMX DNWLYQRVW SUHIURQWDOQLK üHOLMD LQKLELFLMRP RVOREDÿDQMD
QHXURWUDQVPLWHUD9DQ&16DVHQDOD]HXNUYQLPVXGRYLPDWURPERFLWLPDLDXWRQRPQLP
QHXURQLPD $NWLYDFLMD VHURWRQLQVNLK +7DUHFHSWRUD X &16X GRYRGL GR HNVFLWDFLMH
QHXURQD GRN YDQ &16D LVSROMDYDMX HIHNWH NRML XWLFX QD SRQDãDQMH GRYRGH GR
DJUHJDFLMH WURPERFLWD NRQWUDNFLMH JODWNLK PLãLüD X *,7X L EURQKLMDPD L
YD]RNVWULNFLMHYD]RGLODWDFLMH NUYQLK VXGRYD $JRQLVWL VHURWRQLQVNLK +7D UHFHSWRUD
RVWYDUXMX KDOXFLQRJHQL DQWLGHSUHVLYQL L SURNRJQLWLYQL HIHNDW D PRJX VH NRULVWLWL L X
WUHWPDQXLQVRPQLMHLUHJXODFLMLXQRãHQMDKUDQHLJRMD]QRVWL>@
3ULPMHQD ' DQDOL]H NYDQWLWDWLYQRJ RGQRVD VWUXNWXUH L DNWLYQRVWL 3D-QSAR - 
Quantitative Structure Activity Relationships RPRJXüDYD GHILQLVDQMH YH]H L]PHÿX
YDULMDFLMD X RVRELQDPD PROHNXOD L ELRORãNH DNWLYQRVWL ]D VHULMX MHGLQMHQMD
8VSRVWDYOMDQMH VWHUQLK KLGURIREQLK L HOHNWURVWDWVNLK HIHNDWDMH QHRSKRGQR ]D
RVWYDULYDQMH RSWLPDOQH LQWHUDNFLMH VD UHFHSWRURP '46$5 PHWRG XVSRVWDYOMD
PDWHPDWLþNX ]DYLVQRVW L]PHÿX ELRORãNH DNWLYQRVWL JUXSH LVSLWLYDQLK MHGLQMHQMD L
KHPLMVNH VWUXNWXUH ãWR VHPRåHXSRWULMHELWL ]DSUHGODJDQMH VWUXNWXUDQRYLK DNWLYQLMLK
MHGLQMHQMDLSUHGYLÿDQMHQMLKRYHELRORãNHDNWLYQRVWL
2YRP'46$5VWXGLMRPREXKYDüHQRMHMHGLQMHQMHNRMDGMHOXMXNDRDJRQLVWL
VHURWRQLQVNLK +7D UHFHSWRUD L DNWLYLUDMX WH UHFHSWRUH QD QDþLQ VOLþDQ VHURWRQLQX
9HüLQX MHGLQMHQMD NDUDNWHULãH SULVXVWYR WUL NRQGH]RYDQD SUVWHQD X VWUXNWXUL WM
EHQ]HQRYRJSUVWHQDYH]DQRJ]DSHWRþODQHLãHVWRþODQHKHWHURFLNOXVH%HQ]HQRYSUVWHQMH
XJODYQRP VXSVWLWXLVDQ QHNLP KLGURIREQLP VXSVWLWXHQWLPD SRSXW PHWLO HWLO PHWRNVL
JUXSDPD KORURP LOL WULIOXRURPHWLO JUXSDPD 6YDNR LVSLWLYDQR MHGLQMHQMH NDUDNWHULãX
RGUHÿHQL VWUXNWXUQL GHVNULSWRUL  IDUPDNRIRUH NRML VX RG ]QDþDMD ]D YH]LYDQMH
XVSRVWDYOMDQMH LQWHUDNFLMD L RVWYDULYDQMH DNWLYQRVWL LVSLWLYDQLK MHGLQMHQMD QD QLYRX 
+7DVHURWRQLQVNLKUHFHSWRUD
*ODYQL FLOM '46$5 VWXGLMH MH ELR RGUHÿLYDQMH QDMYDåQLMLK VWUXNWXUQLK
GHVNULSWRUD NRML SUHGVWDYOMDMX PROHNXOVNH GHWHUPLQDQWH NRMH XWLþX QD DJRQLVWLþNX








DNWLYQRãüXQDQLYRX+7DUHFHSWRUD ,VSLWLYDQD MHGLQMHQMD VXSRGLMHOMHQDQDGYD VHWD
WUHQLQJ L WHVW VHW 7UHQLQJ VHW VDGUåL  MHGLQMHQMDL QD RVQRYX QMHJD VH JUDGL '
46$5PRGHO D WHVW VHWVDGUåL  MHGLQMHQMD L VOXåL ]D YDOLGDFLMX '46$5PRGHOD




$NWLYQRVW VYLK LVSLWLYDQLK MHGLQMHQMD QD +7DUHFHSWRULPD MH RGUHÿHQD LVWRP
HNVSHULPHQWDOQRPPHWRGRPLSUHGVWDYOMHQD MHNDR,&YULMHGQRVW1HJDWLYQL ORJDULWDP
,& S,& SUHGVWDYOMD < YDULMDEOX âLURN RSVHJ DNWLYQRVWL S,&  L
VWUXNWXUQH UD]OLþLWRVWL RVLJXUDYD GREDU NYDOLWHW L ãLURNX SULPMHQOMLYRVW NUHLUDQRJ '
46$5 PRGHOD 3ULPMHQRP 0DUYLQ 6NHWFK  SURJUDPD
>ZZZFKHPD[RQFRPSURGXFWVKWPO@ RGUHÿHQL VX GRPLQDQWQL REOLFL ]D VYD LVSLWLYDQD
MHGLQMHQMD SUL IL]LRORãNRP S+  D SRWRP VX RSWLPL]RYDQL VHPLHPSLULMVNRP 30
Parameterized Model revision 3 PHWRGRP>@ SULPMHQRP *DXVLDQ : VRIWYHUD>@
NRMLMHXNOMXþHQX&KHP'8OWUD>@
3URJUDP 3HQWDFOH >@ MH NRULãüHQ ]D IRUPLUDQMH '46$5 PRGHOD
>KWWSZZZPROGLVFRYHU\FRPVRIWZDUHSHQWDFOH@ 2YDM SURJUDP UDþXQD *5,1'
QH]DYLVQHGHVNULSWRUH *5,1'L*5,1' L]REODVWLPROHNXODUQLK LQWHUDNFLMD 0,)V
0,)V VH UDþXQDMX SULPMHQRP þHWLUL UD]OLþLWH SUREH 2 SUREH NDUERQLOQL NLVHRQLN
SUHGVWDYOMD JUXSH NRMH VX DNFHSWRUL YRGRQLþQH YH]H '5< SUREH NRMD SUHGVWDYOMD
KLGURIREQH LQWHUDNFLMH 1ၶ SUREH DPLGQL D]RWSUHGVWDYOMD JUXSH NRMH VX GRQRUL
YRGRQLþQH YH]H L 7,3 SUREH NRMD SUHGVWDYOMD REOLN PROHNXOD .RULãüHQ MH PUHåQL
UD]PDN RG  c =D L]GYDMDQMH QDMYDåQLMLK UHJLRQD NRML SUHGVWDYOMDMX QDMSRYROMQLMH
LQWHUDNFLMH L]PHÿX SUREH L OLJDQGD NRULãüHQMH $/021' DOJRULWDP &/$&&
Consistently Large Auto and Cross Correlation DOJRULWDP>@ MH NRULãWHQ ]D
L]UDþXQDYDQMH *5,1' GHVNULSWRUD SULPMHQRP DXWRNRUHODFLMH L XQDNUVQH NRUHODFLMH
L]PHÿX FHQWDUD5H]XOWDWL VX SUHGVWDYOMHQL NDR NRUHORJUDPL NRML RGJRYDUDMX SDURYLPD
FHQWDUD LVWH LOL UD]OLþLWH SUREH ,]UDþXQDWL *5,1' GHVNULSWRUL LVSLWLYDQLK MHGLQMHQMD VX
SRYH]DQL VD < YDULMDEORP S,& SULPMHQRP PHWRGH SDUFLMDOQLK QDMPDQMLK NYDGUDWD
Partial Least Square Regression-PLS0HWRGD SDUFLMDOQLK QDMPDQMLK NYDGUDWD 3/6
NRULVWL XQDNUVQL YDOLGDFLRQL SULVWXS ]D SURFMHQX SUHGLNWLYQH PRüL '46$5
PRGHOD>@3RþHWQL EURM*5,1'GHVNULSWRUD MH VPDQMHQ GD EL VH GRELOH RQHQDMYDåQLMH
YDULMDEOH SULPMHQRP IUDNFLRQRJ IDNWRULMVNRJ GL]DMQD Fractional factorial design-
FFD>@1DNRQ L]YRÿHQMD ))' VHOHNFLMH SRþHWQL EURM YDULMDEOL VH VPDQMXMH D
SULPMHQRP3/6PHWRGHNUHLUDVHQRYL'46$5PRGHOLUDþXQDMXVWDWLVWLþNLSDUDPHWUL
PRGHOD 1D RVQRYX GRELMHQLK VWDWLVWLþNLK SDUDPHWDUD NRHILFLMHQWD NRUHODFLMH5
XQDNUVQRYDOLGDFLRQRJNRHILFLMHQWD4 VUHGQMHNYDGUDWQHJUHãNHSURFMHQH506((]D
WUHQLQJ VHW L VUHGQMH NYDGUDWQH JUHãNH SUHGYLÿDQMD506(3 L NRHILFLMHQWD NRUHODFLMH





=D LQWHUQX YDOLGDFLMX '46$5 PRGHOD UDþXQDWL VX L NRULãüHQL SDUDPHWUL 4
XQDNUVQL YDOLGDFLRQL NRHILFLMHQW L 35(66 SUHGLNWLYQD UH]LGXDOQD VXPD NYDGUDWD
35(66 SDUDPHWDU MH UDþXQDW SULPMHQRP /22 leave-one-out SULVWXSD NRML VYDNR
MHGLQMHQMHL]WUHQLQJVHWDMHGQRPL]RVWDYOMDãWRUH]XOWLUDNUHLUDQMHPQRYRJPRGHODNRML
VH NRULVWL ]D SUHGYLÿDQMH < YULMHGQRVWL XNORQMHQRJ MHGLQMHQMD>@ 1DNRQ ãWR VX VYD
MHGLQMHQMDMHGQRPL]RVWDYOMHQDL]WUHQLQJVHWD]ELUNYDGUDWDUD]OLNDL]PHÿXSRVPDWUDQLK



















VHWD>@=DHNVWHUQXYDOLGDFLMXNRULãüHQ MH WHVW VHWNRML VDGUåL MHGLQMHQMD D506(3
VUHGQMD NYDGUDWQD JUHãND SUHGYLÿDQMD L 5SUHG NRHILFLMHQWD NRUHODFLMH ]D WHVW VHW VX
UDþXQDWLMHGQDþLQDPDL

   






'46$5 VWXGLLMD MH L]YHGHQD QD  MHGLQMHQMX 6OLND  NRML LVSROMDYDMX
DJRQLVWLþNX DNWLYQRVW QD QLYRX +7D VHURWRQLQVNLK UHFHSWRUD )RUPLUDQL '46$5














































7UHQLQJVHW   7HVWVHW  
/   /  
/   /  
/   /  
/   /  
/   /  
/   /  
/   /  
/   /  
/   /  
/   /  
/   /  
/   /  
/   /  
/     
/   5SUHG   
/   506(3   
/     
/     
/     
/     
/     
/     
/     
/     
/     
/     
/     
/     
/     
/     
/     
/     
/     
/     
/     
/     
/     
/     
5      
4      




9ULMHGQRVWL VWDWLVWLþNLK SDUDPHWDUD5SUHG  L4  XND]XMX QD GREUXPRü
SUHGYLÿDQMD NUHLUDQRJ PRGHOD NDR L GD VH PRGHO PRåH NRULVWLWL ]D GL]DMQ QRYLK
MHGLQMHQMDVDSREROMãDQRPDNWLYQRãüXQDQLYRX+7DVHURWRQLQVNLKUHFHSWRUD
)RUPLUDQL L YDOLGLUDQL '46$5 PRGHO MH GDOMH XSRWULMHEOMHQ ]D DQDOL]X '
VWUXNWXUHIDUPDNRIRUHDJRQLVWDVHURWRQLQVNLK+7DUHFHSWRUD
1DMYDåQLMHYDULMDEOHVDSR]LWLYQLPXWLFDMHPQDDJRQLVWLþNRGMHORYDQMHQDQLYRX
+7D VHURWRQLQVNLK UHFHSWRUD VX YDU 27,3 YDU 21 YDU 21
YDU'5<2LYDU'5<'5<1DMYDåQLMHYDULMDEOHVDQHJDWLYQLPXWLFDMHPQD






9DULMDEOD 3DU 8GDOMHQRVW>c@ 8WLFDMQDDNWLYQRVW 3/6NRHILFLMHQWL
 27,3 ± GRQRUDYRGRQLþQHYH]HLVWHUQLFHQWDU

 21 ± GRQRULDNFHSWRUYRGRQLþQHYH]H

 21 ± GRQRULDNFHSWRUYRGRQLþQHYH]H

 '5<2  KLGURIREQLFHQWDULGRQRUDYRGRQLþQHYH]H

 '5<'5<  GYDKLGURIREQDFHQWUD 
 17,3  DNFHSWRUYRGRQLþQHYH]HLVWHUQLFHQWDU

 '5<1  KLGURIREQLFHQWDULDNFHSWRUYRGRQLþQHYH]H

 7,37,3  GYDVWHUQDFHQWUD 
 '5<7,3  KLGURIREQLFHQWDULVWHUQLFHQWDU






SR]LWLYQR XWLþH QD DNWLYQRVW 3RYHüDQMH LOL VPDQMHQMH UDVWRMDQMD L]PHÿX RYD GYD
VWUXNWXUQD GHVNULSWRUD VPDQMXMH DNWLYQRVW MHGQMHQMD 5DVWRMDQMH L]PHGMX GRQRUD L
DNFHSWRUDYRGRQLþQHYH]H±cYDUɈ1L±cYDUɈ1MH
WDNRÿH YDåQR ]D LVSROMDYDQMH DJRQLVWLþNH DNWLYQRVWL QD VHURWRQLQVNLP +7D




NDUDNWHULVWLþQD XGDOMHQRVW L]PHÿX KLGURIREQRJ FHQWUD WM KHWHURFLNOXVD L GRQRUD
YRGRQLþQH YH]H ±c YDU'5<2 2SWLPDOQD XGDOMHQRVW L]PHÿX GYD




YHüD RG RSWLPDOQH L L]QRVL c YDU17,3 0DOD XGDOMHQRVW L]PHÿX
KLGURIREQRJFHQWUDLDNFHSWRUDYRGRQLþQHYH]HLPDWDNRÿHQHJDWLYDQXWLFDMQDDNWLYQRVW
±c YDU '5<1 0DQMX DNWLYQRVW SRND]XMX MHGLQMHQMD VD XGDOMHQRãüX
L]PHÿX VWHUQLK FHQWDUDPDQMRP RG RSWLPDOQH ±c YDU7,37,3 NDR L
MHGLQMHQMD VD XGDOMHQRãüX L]PHÿX KLGURIREQRJ L VWHUQRJ FHQWUD ±c
YDU'5<7,3L±cYDU'5<7,3
'LVNXVLMD
-HGLQMHQMH VD QDMYHüRP DNWLYQRãüX QD QLYRX VHURWRQLQVNLK +7D UHFHSWRUD MH
MHGLQMHQMH / 6OLNH  (NVSHULPHQWDOQR RGUHÿHQD DNWLYQRVW MH '46$5
PRGHORPMHSRND]DQRGDMHGLQMHQMH/SRVMHGXMHVYHGHVNULSWRUHNRMLLPDMXSR]LWLYDQ
XWLFDM QD DNWLYQRVW 1D UDVWRMDQMX ±c YDU27,3 QDOD]L VH GRQRU
YRGRQLþQH YH]H 1+ JUXSD L] KHWHURFLNOXVD L VWHUQL FHQWDU NRML þLQL PHWLO JUXSD QD
2&+ VXSVWLWXHQWX 'RQRU L DNFHSWRU YRGRQLþQH YH]H WM 1+ JUXSD L] ERþQRJ QL]D L
NLVHRQLN L] PHWRNVL JUXSH QDOD]H VH QD GYD UDVWRMDQMD ±c YDUɈ1 L
±c YDUɈ1 1D RSWLPDOQX DNWLYQRVW RYRJ MHGLQMHQMD XWLþH L SULVXVWYR
KLGURIREQRJFHQWUDSURSHQLOJUXSHLGRQRUDYRGRQLþQHYH]H1+JUXSHL]ERþQRJQL]D
QD UDVWRMDQMX±cYDU'5<22YR MHGLQMHQMHNDUDNWHULãH LSULVXVWYRGYD
KLGURIREQD FHQWUD QD UDVWRMDQMX ±cYDU'5<'5< WM SULVXVWYR
KHWHURFLNOXVD LSURSHQLORVWDWNDXERþQRPQL]X'HVNULSWRUL VDSR]LWLYQLPXWLFDMHPVX
R]QDþHQLQD'46$5PRGHOXIDUPDNRIRUHMHGLQMHQMD/6OLNHL
1HJDWLYDQ XWLFDM QD LVSROMDYDQMH DJRQLVWLþNRJ GMHORYDQMD QD QLYRX +7D
VHURWRQLQVNLK UHFHSWRUD NRG MHGLQMHQMD / SRND]XMX KLGURIREQL FHQWDU L DNFHSWRU
YRGRQLþQH YH]H WM ERþQL QL] L NLVHRQLN L]PHWRNVL JUXSH QDPDORP UDVWRMDQMX ±
cYDU'5<1 GYD VWHUQD FHQWUD QD UDVWRMDQMX ±cYDU7,3
7,3KLGURIREQLLVWHUQLFHQWDUWMPHWRNVLJUXSDLSURSHQLOJUXSDQDUDVWRMDQMX±
c YDU'5<7,3 L PHWRNVL JUXSD L KHWHURFLNOXV QD UDVWRMDQMX ±c
YDU'5<7,36OLNHL




YRGQLþQH YH]H 1+ JUXSH L] SUVWHQD L NDUERQLOQL NHVHRQLN QDOD]H VH QD UDVWRMDQMLPD
±cYDUɈ1L±cYDUɈ1LQHRSKRGQLVX]DRVWYDULYDQMH





JUXSH L] KHWHURFLNOXVD QD PDORP UDVWRMDQMX ±c YDU'5<2 NDR L
SULVXVWYR GYD KLGURIREQD FHQWUD QD UDVWRMDQMX ±c YDU'5<'5<

















































1HJDWLYDQ XWLFDM QD DNWLYQRVW LVSLWLYDQRJ MHGLQMHQMD / QD QLYRX +7D
VHURWRQLQVNLKUHFHSWRUDSRND]XMHSULVXVWYRDNFHSWRUDYRGRQLþQHYH]HLVWHUQRJFHQWUD
WM NLVHRQLND L] NDUERQLOQH JUXSH L KORUD QD XGDOMHQRVWL RG cYDU1
7,3 GYD VWHUQD FHQWUD QD UDVWRMDQMX ±c YDU7,37,3 KLGURIREQRJ L




GHVNULSWRUL NRML VPDQMXMX DNWLYQRVW RYRJ MHGLQMHQMD D WR VX XGDOMHQRVW L]PHÿX
DNFHSWRUD YRGRQLþQH YH]H NDUERQLOQRJ NLVHRQLND L VWHUQRJ FHQWUD HWHQLO JUXSH QD
UDVWRMDQMX c YDU17,3 KLGURIREQL FHQWDU EHQ]HQRY SUVWHQ L
DNFHSWRU YRGRQLþQH YH]H QD UDVWRMDQMX ±c YDU'5<1 GYD VWHUQD
FHQWUD &) VXSVWLWXHQW L HWHQLO JUXSD QD UDVWRMDQMX ±c YDU7,37,3 L
KLGURIREQL FHQWDU EHQ]HQRY SUVWHQ LOL KHWHURFLNOXV L VWHUQL FHQWDU HWHQLO JUXSD QD
UDVWRMDQMLPD ±c YDU'5<7,3 L ±c YDU'5<7,3
 'HVNULSWRULVDQHJDWLYQLPXWLFDMHPVXR]QDþHQLQD'46$5PRGHOXIDUPDNRIRUH
MHGLQMHQMD/6OLNHL
9DULMDEOH NRMH LVSROMDYDMX SR]LWLYDQ XWLFDM QD DNWLYQRVW MHGLQMHQMD / VX GRQRU
YRGRQLþQH YH]H L VWHUQL FHQWDU WM 1+ JUXSD L] KHWHURFLNOXVD L &) VXSVWLWXHQW QD
UDVWRMDQMX±cYDU27,3DNFHSWRULGRQRUYRGRQLþQHYH]HNDUERQLOQL
NLVHRQLN L1+JUXSD L]KHWHURFLNOXVDQDUDVWRMDQMX±cYDUɈ1GRQRU
























































$QDOL]RP VWUXNWXUH IDUPDNRIRUH MHGLQMHQMD / / L / XRþHQR MH GD VYD WUL
SRVPDWUDQD MHGLQMHQMD SRVMHGXMX YDU 27,3 YDU 21 YDU '5<2 L
YDU '5<'5< SR]LWLYQH YDULMDEOH D MHGLQMHQMD/ L /SRVMHGXMX L YDU 2
1




'D EL MHGLQMHQMD DNWLYLUDOD VHURWRQLQVNH +7DUHFHSWRUH L LVSROMLOD VYRMX
DJRQLVWLþNXDNWLYQRVWSRWUHEQRMHGDVDGUåHKHWHURFLNOLþQLKLGURIREQLFHQWDUVDGRQRURP
YRGRQLþQH YH]H NRML MH QDMþHãFH XQXWDU FLNOXVD =QDþDMQR MH GD KHWHURFLNOXV EXGH
VXSVWLWXLVDQ QHNLP VWHUQLP FHQWULPD NRML üH ELWL QD RSWLPDOQRM XGDOMHQRVWL RG GRQRUD
YRGRQLþQH YH]H ±c YDU27,3 -HGLQMHQMH NRMH GMHOXMH NDR DJRQLVWD
VHURWRQLQVNLK+7DUHFHSWRUDSRWUHEQRMHGDVDGUåLLDNFHSWRUYRGRQLþQHYH]HQDMþHãFH
X REOLNX NDUERQLOQH LOL PHWRNVL JUXSH NRML MH QD RGUHÿHQRM XGDOMHQRVWL RG GRQRUD
YRGRQLþQH YH]H ±c YDUɈ1 L ±c YDUɈ1 '46$5
PRGHORP XWYUÿHQR MH GD QDMYHüL QHJDWLYQL XWLFDM QD DNWLYQRVW LVSROMDYD SULVXVWYR
DNFHSWRUD YRGRQLþQH YH]H L VWHUQRJ FHQWUD QD XGDOMHQRVWL c YDU1
7,3 GRN QDMYHüL SR]LWLYQL XWLFDM QD DNWLYQRVW LVSROMDYD SULVXVWYR GRQRUD YRGRQLþQH
YH]H L VWHUQRJFHQWUDQD UDVWRMDQMX±c YDU27,33R]QDYDMXüLXWLFDM
UD]OLþLWLKYDULMDEOLQDLVSROMDYDQMHDJRQLVWLþNHDNWLYQRVWLQDQLYRXVHURWRQLQVNLK+7D














QHJDWLYQLP XWLFDMHP QD DNWLYQRVW D GD VH ]DGUåH LOL XYHGX YDULMDEOH VD SR]LWLYQLP
XWLFDMHP0RJXüH VWUXNWXUQH SURPMHQHPRJX ELWL XNODQMDQMH QHNRJ VWHUQRJ FHQWUD LOL
QMHJRYDWUDQVIRUPDFLMDXQHNXGUXJXJUXSXWDNRGDEXGHQDRGJRYDUDMXüRMXGDOMHQRVWL
RG DNFHSWRUD YRGRQLþQH YH]H 7DNRÿH VWUXNWXUQH SURPHQH QD KLGURIREQLP FHQWULPD
PRJX GRYHVWL GR VQDåQLMH DJRQLVWLþNH DNWLYQRVWL QD QLYRX VHURWRQLQVNLK +7D
UHFHSWRUD
$QDOL]DVWUXNWXUHIDUPDNRIRUHLVSLWLYDQLKDJRQLVWDRPRJXüDYDGDVHVDJOHGDMXVYH
QDM]QDþDMQLMH YDULMDEOH VD SR]LWLYQLP L QHJDWLYQLP XWLFDMLPD QD DNWLYQRVW ãWR MH RG




VHURWRQLQVNLK +7DUHFHSWRUD )RUPLUDQL L YDOLGLUDQL '46$5 PRGHO MH GDOMH
XSRWULMHEOMHQ]DDQDOL]X'VWUXNWXUHIDUPDNRIRUHLGHILQLVDQMHVWUXNWXUQLKPRGLILNDFLMD
]DGL]DMQQRYLKJRQLVWD+7DUHFHSWRUD$QDOL]RP'VWUXNWXUHIDUPDNRIRUHLVSLWLYDQLK
DJRQLVWD SRND]DQR MH GDSULVXVWYR GRQRUD YRGRQLþQH YH]H L VWHUQRJ FHQWUD QD
UDVWRMDQMX±cYɈ7,3GRQRUDLDNFHSWRUDYRGRQLþQHYH]HQDUDVWRMDQMX
± cYɈ1 KLGURIREQRJ FHQWUD L GRQRUD YRGRQLþQH YH]H QD UDVWRMDQMX
±c Y'5<2 L GYD KLGURIREQD FHQWUD QD UDVWRMDQMX ±c
Y'5<'5< MH QHRSKRGQR ]D DJRQLVWLþNX DNWLYQRVW RYLK MHGLQMHQMD QD +7D
UHFHSWRULPD 2YDNR GHILQLVDQD VWUXNWXUD IDUPDNRIRUH DJRQLVWD +7D UHFHSWRUD
SUHGVWDYOMDRVQRYX]DGL]DMQQRYLKHILNDVQLMLKOLJDQDGD
'RVDGQLMHREMDYOMHQDQLMHGQD'46$5VWXGLMD L DQDOL]D IDUPDNRIRUHDJRQLVWD
VHURWRQLQVNLK+7DUHFHSWRUDNRMDREXKYDWDVNXSVWUXNWXUQRUD]OLþLWLKOLJDQDGD+7D
UHFHSWRUD6WUXNWXUQDYDULMDELOQRVWLãLURNLQWHUYDODNWLYQRVWLLVSLWLYDQLLKDJRQLVWD+7D
UHFHSWRUD RPRJXüDYDMX GREUX SULPMHQOMLYRVW NUHLUDQRJ '46$5PRGHOD ]D GL]DMQ L
DQDOL]XQRYLKOLJDQDGD
=DKYDOQLFD












SKDUPDFRORJLFDO FKDUDFWHUL]DWLRQ RI 1 DQG 2VXEVWLWXWHG WHWUDK\GUR+LVR[D]ROR>
G@D]HSLQRO DQDORJXHV QRYHO +7$+7& UHFHSWRU DJRQLVWV ZLWK SURFRJQLWLYH
SURSHUWLHV-0HG&KHP
 &KR 6--HQVHQ 1+.XURPH 7.DGDUL 60DQ]DQR 0/0DOEHUJ -(HW DO 6HOHFWLYH 




DQG UHODWHG K\GUR[\WU\SWDPLQH$ LQYHUVH DJRQLVWV IRU WKH WUHDWPHQW RI LQVRPQLD - 0HG
&KHP
 )HYLJ -0)HQJ -5RVVL .$0LOOHU .-:X*+XQJ &3 HW DO 6\QWKHVLV DQG 6$5 RI D
WHWUDK\GUR+S\UUROR>F@LVRTXLQROLQE+RQHV DV +7& UHFHSWRU DJRQLVWV %LRRUJ 0HG
&KHP/HWW
 $UXQRWD\DQXQ:'DOOH\ -:+XDQJ;36HWROD97UHEOH5,YHUVHQ/ HW DO$Q DQDO\VLV RI WKH





VHOHFWLYH WHWUDK\GURS\UD]LQRLVRTXLQROLQRQH +7& UHFHSWRU DJRQLVWV %LRRUJ 0HG &KHP
/HWW
















 2MKD 3.  5R\ . &RPSDUDWLYH 46$5V IRU DQWLPDODULDO HQGRFKLQV LPSRUWDQFH RI GHVFULSWRU
WKLQQLQJDQGQRLVHUHGXFWLRQSULRUWRIHDWXUHVHOHFWLRQ&KHPRPHWU,QWHOO/DE±








3D-QSAR study and development of 














$OO WHVWHG FRPSRXQGV VKRZ DJRQLVWLF DFWLYLW\ RQVHURWRQLQ+7DUHFHSWRUV ZKLFK
DFWLYDWLRQFDXVHVQHXURQDO H[FLWDWLRQVEHKDYLRUDO FKDQJHVDQGSODWHOHW DJJUHJDWLRQ7KHPDLQ
DLPV RI WKLV VWXG\ ZHUH WR FUHDWH '46$5'4XDQWLWDWLYH VWUXFWXUHDFWLYLW\
UHODWLRQVKLSPRGHO DQDO\VH'VWUXFWXUHRI WKHSKDUPDFRSKRUHYDOLGDWH WKH'46$5PRGHO
DQGSURSRVHVWUXFWXUDOPRGLILFDWLRQIRUQRYHO+7DDJRQLVWV'46$5PRGHOLQJZDVDSSOLHG
WR  DJRQLVWV RI +7DUHFHSWRUV 'RPLQDQW IRUPV DW SK\VLRORJLF S+RI WKH H[DPLQHG
FRPSRXQGV ZHUH RSWLPL]HG XVLQJ WKH 30 PHWKRG DQGXVHG IRU 46$5 PRGHOLQJ 'DWD VHW
ZDVGLYLGHGLQWZRJURXSVWUDLQLQJVHWRIFRPSRXQGVDQGWHVWVHWRIFRPSRXQGV7UDLQLQJ
VHWZDVXVHG WREXLOG'46$5PRGHOZKLOH WHVW VHWZDVH[DPLQHG IRU WKHPRGHOYDOLGDWLRQ
3/63DUWLDO/HDVW6TXDUH5HJUHVVLRQPHWKRGZDVXVHGWRGHYHORS'46$5PRGHO6WDWLVWLFDO
SDUDPHWHUVRI WKH FUHDWHG DQGYDOLGDWHG'46$5PRGHO5 4 506(( 
506(3 DQG5SUHG  LQGLFDWHJRRGSURJQRVWLFFDSDFLW\RI WKHPRGHO7KH'46$5
PRGHO ZDVDSSOLHGWR DQDO\VH SKDUPDFRSKRUH DQG WR SUHGLFW DFWLYLW\ RI RWKHU DJRQLVWV RI
VHURWRQLQ +7DUHFHSWRUV ,QIRUPDWLRQ REWDLQHG IURP WKH '46$5 VWXG\ LQGLFDWHG WKDW
SUHVHQFHRIK\GURJHQERQGGRQRUDQGVWHULFKRWVSRWDWDGLVWDQFH±cYɈ7,3
K\GURSKRELF UHJLRQ DQG K\GURJHQ ERQG GRQRU DW D GLVWDQFH RI ±c Y'5<2
K\GURJHQERQGGRQRUDQGK\GURJHQERQGDFFHSWRUDWDGLVWDQFHRI±cY21DQG
WZRK\GURSKRELFUHJLRQVDWDGLVWDQFH±cY'5<'5<) DUHHVVHQWLDOIRUDJRQLVWLF
DFWLYLW\RQ+7DVHURWRQLQUHFHSWRUV

.H\ZRUGV'46$5SKDUPDFRSKRUHDJRQLVWRIVHURWRQLQ+7DUHFHSWRUV

 
